Dry and smoked shrimp constitute an important nutrient supplement for the populace in Ghana. Shrimp continues to represent one of the safest forms of muscle protein consumed in the world. Despite this safety record, shrimp have a high tolerance to toxins in polluted areas.
Introduction
Fresh and dried shrimp are commercially important products for both national and international market. In Africa about 35 million people depend wholly or partly on the fisheries sector, mostly artisanal fisheries, for their livelihood. According to Mensah et al.
1 about 150,000 people are known to be engaged in marine fisheries. It is also estimated that, 1.5-2 million people directly or indirectly rely on or support these fishermen. These include their wives, children, close relatives, canoe carvers, input suppliers and office workers for industrial fleet 2 . The importance of the fishery sector is related to employment, livelihood support, poverty reduction, food security and foreign exchange. In Ghana, the report indicated that fish and fish product accounts for 60% of the population"s protein intake. A study by NketsiaTabiri 3 revealed that the consumption preference for fish in Ghana is 82% compared to livestock and poultry products. Like the fish counterparts, shrimps are known to concentrate heavy metals in their tissues in varying proportions depending on the species, food habitat and environmental conditions and inhibiting processes 4 . Since the panaeid constitute an important protein source, they are potentially and indirectly source of metals entering the human body when consumed.
Heavy metals are trace metals that are at least five times denser than water 5 and for this reason; are stable, thus cannot be metabolized by the body hence its resultant accumulation.
Higher accumulation overtime can reach toxic levels within the individual 6 . Increasing usage of heavy metals by industries and their deposition in marine environment can cause damage to both biodiversity and the ecosystem, due to their toxicity and accumulative tendency in the aquatic biota and pose danger to humans and other wildlife . Metals like iron, copper, zinc and manganese are required for metabolic activities in organisms, others like arsenic, cadmium, chromium, mercury, nickel and lead are toxic because of their long half-life, therefore they have been included in the regulations for hazardous metals 11, 12 .
Mineral ratios are of great importance in the diet of all living organisms, though at high levels, they could pose serious risks in the organism.
These are necessary for maintenance of osmotic pressure, acid-base balance, the regulation of pH of blood, haemolymph, urine, and other body fluids 13, 14, 15 . Although minerals may be present in adequate quantities in feedstuffs for shrimp diets mineral deficiencies can occur under intensive culture conditions. The lack of certain specific minerals may be due to the presence of certain compounds that bind the elemental form of the mineral that is used in the feed, and antagonistic or synergistic reactions in the gastro-intestinal tract are factors that sometimes cause dietary mineral imbalances or deficiencies 16, 15 . According to 17 , about twenty-two minerals both macro and micro, have been found essential to fish and shrimp. Calcium, phosphorus, potassium, sodium, chloride, magnesium and sulfur are considered macro elements while iron, zinc, copper, manganese, nickel, cobalt, molybdenum, selenium, chromium, Final concentration (mg/kg) =
Determination of Sodium and Potassium
The Flame Photometer method was used in the determination of sodium and potassium in both irradiated and control samples.
Shrimp from different water sources (river, lagoon and sea)
were blended into powder and 0.2 g of each was measured into a clean dry 125ml "Pyrex" conical flask. 4ml of concentrated H2SO4 was added and the flask was swirled carefully to ensure that entire sample was wetted. The samples in the flask were heated in a fume hood on an electric hot plate (with medium heating). 4-5 drops of H2O2 was added slowly at a time (in order to avoid vigorous reaction of the contents) to clear the solution. The solution was allowed to cool and transferred quantitatively into a 100ml volumetric flask. The contents were brought to a mark by adding distilled water. Two blanks digest were prepared from the same amount of reagents (H2SO4 and H2O2). Data was corrected against the blank value. Na and K values were read from the same solution using the Flame
Photometer. The percentage sodium and potassium content were calculated as follows.
Statistics analysis
The data was analyzed using Microsoft excel and analysis of variance (two way ANOVA) using Statgraphics software (centurion XVI.I) to assess whether the 2 independent variables thus radiation dose at the different levels and sources of shrimps had any effect on the variable been measured (various parameters). Differences among mean values were processed by Fisher"s Least Significant Difference (LSD) procedure. Mean difference values were reported and significance was defined at P0.05. Each analysis was subjected to its own unique experimental design in a randomized complete block.
Results
Multivariate analysis of the elemental composition showed that, accumulation of Fe, Cu, Zn, N was generally attended by Pb, Cr, Na, K (Table 1) . Comparatively, higher concentrations of heavy metals accumulated in shrimp from the lagoon and sea followed by the riverine shrimp. The order of the heavy metals concentration was as follows, (in decreasing order)
FeCuZnNMnPbCrNaKNiCd (Table 1) .
The mineral levels of shrimp from the various sources have been summarized in Sodium and potassium in shrimp were in the range of 0.64 mg/kg -1.22 mg/kg and 0.78 mg/kg -1.17 mg/kg respectively (Table 1) . Shrimp from lagoon contained 1.08 mg/kg and that from the sea was 1.04 before irradiation. Sodium content in river was 0.63mg/kg before irradiation (Table 1) . Potassium content in shrimp from river was highest (1.03 mg/kg) followed by shrimp from the lagoon (1.02 mg/kg).
Nitrogen content was in the range of 3.18 -8.02 mg/kg.
Nitrogen content in river was highest (7.47 mg/kg) followed by nitrogen content in lagoon (5.66 mg/kg) ( Table 1) .
Magnesium content was within the range of 1.58 mg/kg-9.88 mg/kg (Table 1) . Shrimp from lagoon contained the highest amount of magnesium with range of 6.97 mg/kg -9.88 mg/kg
Manganese content in shrimp from the sea was within the range of 1.58 mg/kg -2.13 mg/kg whereas that from the river was within the range of 2.04 mg/kg -2.92 mg/kg.
Copper content was found between 7.06 mg/kg to 13.56 mg/kg (Table 1) Fe-Na, Zn-Na, Cd-Na, Ni-N and K-N (Table 2) . Table 2 shows the means of the heavy metals and other mineral elements before and after irradiation of shrimp from different water sources with 0-10 kG. 
Discussions
Iron is an essential trace element since it forms a significant part of heamoglobin, and allows oxygen to be carried from the lungs .
The average K contents of L. vannamei were found to be 56.7 mg, which is lesser compared to that reported by 26 
33
, humans are exposed to Cd through food intake; and so the average daily intake for adults was put at approximately 50mg. The threshold for acute cadmium toxicity is a total ingestion of 3-15 mg, and severe toxicity symptoms occur at ingesting 10-326 mg 5, 35 . Fatal ingestion produces shocks and acute renal failure when ingestion exceeds 350mg. Shrimp from lagoon contained low amounts of Cd. There were high amounts of nickel content in shrimp from the sea, but reduced considerable after irradiation at 4 kGy ( Table 1) . Nickel content in river was considerably low. The average concentrations of nickel recorded were comparatively higher than those reported by 31 in similar studies.
Chromium content in shrimp from river was highest before irradiation, followed by shrimp from the sea. Oguzie and Higher concentrations of heavy metals accumulated in shrimp from lagoon and sea with the least in the riverine shrimp (Table   1 ). This is not surprising because they serve as damping sites of most waste and antropogenic contaminants from urban dwellings and industrial emissions 38 . The order of heavy metal concentration was as follows (in decreasing order); Fe  Cu  Zn  N  Mn Pb Cr  Na  K  Ni  Cd (Table 1) . A similar work was carried out by 39 , on (Panaeus monodom) with accumulated heavy metals in the order of Cu  Zn Pb Cd.
Conclusion
Data obtained from this study showed that shrimp is a good source of minerals, and other essential elements, although it also contained some levels of toxic heavy metals. The estimated mean concentrations for Cu, Zn in the present was lower than the International Standards (WHO, 1996; Tuzen, 2009) which makes it safe for consumption. Although irradiation had some significant effect on the mineral content, they were within safe limits for consumption.
